Study design: Non-randomized study. Objectives: Previous studies indicated that at least 2-h leg exercise at more than 60% maximum oxygen consumption (VO 2 max) increased plasma interleukin (IL)-6 in able-bodied (AB) subjects. The purpose of the present study was to compare IL-6 response to arm exercise in AB subjects and persons with spinal cord injury (SCI). Setting: Wakayama Medical University in Japan. Methods: Six subjects with SCI between T6 and T10 and seven AB subjects performed 2-h arm crank ergometer exercise at 60%VO 2 max. Plasma catecholamines, IL-6, tumor necrosis factor (TNF)-a and high-sensitivity C-reactive protein (hsCRP) were measured before exercise, 60-min exercise, immediately and 2 h after the completion of exercise. Results: Arm exercise increased myoglobin and plasma IL-6 levels in SCI and AB (Po0.01), but there were no differences in them between the two groups throughout the study. Plasma levels creatine kinase, lactate dehydrogenase, TNF-a and hsCRP did not change throughout the study in both groups. Conclusion: These findings suggest neither significant muscle damage nor inflammatory response during exercise. The increase in plasma IL-6 in SCI was not unexpected, confirming that moderate intensity and relatively long-arm exercise is safe and beneficial for SCI subjects with regard to IL-6 excretion, as in AB subjects.
Introduction
Leg muscle contraction in able-bodied persons (AB) results in marked production of interleukin (IL)-6 from myocytes and its release in the circulation, and such production is independent of muscle damage. 1 Identification of IL-6 production by skeletal muscles during physical activity generated renewed interest in the metabolic role of IL-6. Epidemical studies show tumor necrosis factor (TNF)-a and IL-6 increase in persons with obesity and life style-related diseases; 1 however, the increase of IL-6 is inhibitory response against increased TNF-a. 1 Therefore, during resting condition, serum IL-6 levels directly correlate with obesity and reduced insulin action. 1 Although IL-6 is often classified as a pro-inflammatory cytokine, experimental evidence suggests that a rapid rise in circulating IL-6 enhances lipid oxidation, improves insulin-stimulated glucose uptake and has anti-inflammatory effects. 1 These results suggest that exercise-induced IL-6 production likely mediates some of the beneficial effects of exercise in chronic diseases. Today, the majority of persons with spinal cord injury (SCI) complete their rehabilitation program, return to society and enjoy sports activities. However, it is well known that SCI per se is associated with a low-grade chronic inflammatory state, a small increase in plasma IL-6, increased risk of atherosclerosis, coronary heart disease and type 2 diabetes. 2, 3 Where most AB individuals perform some combination of upper and lower body movements, really any sports performance in SCI is achieved by upper extremities only. As the quantity of muscle mass in the upper extremities is different, it is assumed that the IL-6 response to exercise is different to that of AB subjects. To our knowledge, however, there is no information on IL-6 response to exercise in SCI. In AB subjects, arm crank exercise does not result in increase of serum IL-6 probably due to the involvement of a limited muscle mass. 4 Apart from muscle mass, the magnitude of the exercise-induced increase in plasma IL-6 is determined by the combination of mode, intensity and duration of the exercise. One previous studies indicated that the exercise-induced IL-6 response is sensitive to exercise intensity and seems to require at least 60% of maximum oxygen consumption (VO 2 max). 5, 6 Furthermore, the duration of exercise (2 h) and exercise intensity are significant determinants of plasma IL-6 concentrations during endurance leg exercise in AB subjects. 1, 7, 8 In the previous studies, the protocol of the well-fixed endurance exercise study to find the differences between AB and SCI was 2-h arm exercise at 60%VO 2 max. 9 Therefore, any comparative study between SCI and AB subjects should be carried out under identical optimal exercise duration and intensity. 9 The purpose of present study was to compare the IL-6 response and changes in other inflammatory markers between SCI and AB subjects during arm crank exercise of well-controlled intensity and duration.
Materials and methods

Subjects
The study included six SCI subjects who were involved in a regular physical training program. We also included seven AB as control subjects. The characteristics of the participating subjects are presented in Table 1 . There were no differences between SCI and AB with respect to age, height, weight and VO 2 max. The selection criteria were the following: (1) men with history of SCI between Th6 and Th10. (2) Intact motor activity of the upper limbs and genitourinary and intestinal functions. (3) Excellent health at the time of the study and no medications that would affect the immune or endocrine systems. Written informed consent was obtained from all participants, and the study protocol was approved by the Human Research Committee of our hospital.
Study protocol
Before 2 weeks the scheduled start of the study, subjects performed a progressive VO 2 max test on the arm crank ergometer (818E, Monark, Sweden). The test protocol required the subjects to maintain a target cadence of 60 r.p.m. After a 15-min rest period, subjects performed unloaded exercise for 3 min. This was followed by increasing the power output by 20 W every 3 min. After reaching 60 W, the power output was increased by 10 W every minute.
The test was terminated when the subjects reached exhaustion and Borg Scale of 20, or the cadence fell below 60 r.p.m. O 2 uptake and ventilation were measured with respiratory metabolic cart (model AERO300S, Minato Mediac Science, Co., Tokyo, Japan). The electrocardiogram was recorded with electrocardiogram monitor (model ML-9000, Fukuda Denshi, Co., Tokyo, Japan). All subjects were allowed to drink water throughout the study.
All subjects indicated that they had avoided intensive exercise for at least 24 h before the test and they were healthy and free of symptoms associated with respiratory and urinary tract infections. The subjects had their regular dinner before 2200 hours the day before and then refrained from eating but were allowed to drink tap water ad libitum until the start of the study. They reported to the Human Performance Laboratory at 1000 and were outfitted with electrodes for electrocardiogram recording. During the 1-h rest-phase, the subject sat quietly in a chair but was allowed to read or watch non-stimulating books and movies; however, they were discouraged from sleeping. Subsequently, the subject started to exercise on an arm crank ergometer for 2 h at an intensity of 60% VO 2 max and the power output was increased progressively from 0 W to the set level over a 3-min period.
Blood samples were collected from the antecubital vein using heparinized tubes and ethylenediaminetetraacetic acid-2K containing tubes before exercise, 60 min of exercise, immediately after exercise and 2 h following the completion of exercise. The total blood volume in each sampling period was 6 ml (0.5 ml for IL-6, 1.5 ml for muscle enzymes, 2 ml for adrenaline and cortisol and 2 ml for blood cell counts). The subjects underwent 5-h rest examination as a time control. Blood samples were collected at five points that corresponded with the exercise examination. The time control and the exercise test were performed 1 week apart in no special order. Seven AB subjects performed the same experiment as the control group.
IL-6 assay
Blood samples for IL-6 measurement were drawn into glass tubes containing ethylenediaminetetraacetic acid. The tubes were spun immediately at 3500 Â g for 15 min at 4 1C. The plasma was stored at À80 1C until analysis. High-sensitivity chemiluminescent enzyme immunoassay kit (Fujirebio Co., Tokyo, Japan) was used for measurement of IL-6 concentration in plasma (sensitivity: 0.2 pg ml À1 ). Each measurement was performed in duplicate.
Other blood tests Total blood cell count was determined using a cell counter. Hematocrit (Hct) was measured by centrifugation. Enzymelinked immunosorbent assay kit (R&D Systems, Minneapolis, MN, USA) was used to measure plasma TNF-a concentration. Serum high-sensitivity C-reactive protein (hsCRP) levels were measured by a latex-enhanced immunonephelometric assay (Dade Behring, Marburg, Germany). Plasma concentration of myoglobin was measured using a commercially available radioimmunoassay (TFB Co., Tokyo, Japan). Creatine kinase (CK) and lactate dehydrogenase activity in plasma was measured by using a commercial kit (Kanto Chemical Co., Tokyo, Japan). Catecholamines were extracted from plasma using alumina and measured by high-performance liquid chromatography using a modification of the procedure described by Hunter et al. 10 Plasma cortisol levels were assayed using a competitive solid phase 125 I radioimmunoassay technique (Dainabot Lab, Tokyo, Japan).
Statistical analysis
Data were expressed as mean±s.d. Data of Table 1 were analyzed using the Student's t-test. Differences between data recorded before exercise and each time point after exercise, and between two groups and conditions we analyzed by Wilcoxon Mann-Whitney test. A P-value less than 0.05 denoted the presence of a significant difference between two groups.
Results
Changes in blood cell count Hct increased (Po0.05) during the 60-min exercise and immediately after exercise in SCI and AB, but returned to baseline level 2 h after exercise in both groups (Table 2) . Leukocyte count increased (Po0.05) immediately after exercise, reached a plateau and then remained at that level for 2 h after exercise in both SCI and AB.
Changes in IL-6 Plasma IL-6 significantly increased during, immediately after and at 2 h after exercise in SCI and AB (Figure 1 ). There were no differences in plasma IL-6 between the two groups before exercise, during exercise, immediately after exercise and at 2 h after exercise.
Changes in TNF-a and hsCRP Plasma TNF-a and hsCRP did not change throughout the study in SCI and AB (Figure 2 ). However, plasma hsCRP was significantly higher in SCI than AB during exercise, after exercise and at 2 h after exercise.
Changes in myoglobin, CK and lactate dehydrogenase levels Arm crank ergometer exercise significantly increased myoglobin levels immediately and at 2 h after exercise in the SCI and AB (Figure 3) . However, there were no changes in CK and lactate dehydrogenase during and after exercise in both groups.
Changes in catecholamine and cortisol levels Plasma adrenaline levels were higher during and immediately after exercise in SCI and AB relative to the baseline (Figure 4 ). Plasma adrenaline immediately after exercise in AB was significantly higher than in SCI. Plasma noradrenaline increased during and immediately after exercise in both groups. Plasma cortisol did not change during rest or exercise in SCI and AB. 
Discussion
The major findings of the present study were that 2-h arm crank ergometer exercise at 60%VO 2 max was associated with 1) a significant increase in plasma IL-6 in both SCI and AB, but not with any changes in TNF-a or hsCRP, 2) a significant increase in plasma catecholamines during and after exercise in both SCI and AB, and 3) a significant increase in myoglobin in SCI and AB. It is possible that the source of increased IL-6 during arm crank exercise was the inflammatory response during exercise 11, 12 and/or increased production/secretion by the contracting skeletal muscles. In this regard, Pedersen et al. 13 indicated that the exercise-related increase in IL-6 was mainly induced by IL-6 gene transcription in the contracting skeletal muscles. To our knowledge, the present study is the first to demonstrate that 2-h arm crank ergometer exercise at 60%VO 2 max increased IL-6 but not TNF-a and hsCRP in SCI, and the results are in agreement with the above study. 13 Importantly, the stable levels of TNF-a and hsCRP throughout the study suggest a lack of inflammatory response. In other words, the increase in IL-6 during arm crank exercise does not reflect an inflammatory Myokine response to arm exercise in SCI Y Umemoto et al response during exercise, and there is a safe and effective exercise modality for SCI.
The majority of previous studies on IL-6 response to exercise used leg exercise. Febbraio et al.
14 demonstrated eightfold increase in plasma IL-6 after 2-h leg cycle exercise at 62 ± 2% VO 2 max in six healthy AB. However, arm exercise does not seem to increase plasma IL-6 to levels above those before the exercise in AB. 1 The present study demonstrated that the 2-h arm crank exercise, which did not involve muscles of the lower extremities, increased plasma IL-6. The intensity of VO 2 max applied in the present study was similar to that applied by Febbraio et al.; 14 however, our results showed a threefold increase in IL-6 relative to the preexercise level in SCI. This finding suggests that arm crank exercise is sufficient to induce IL-6 secretion.
Another possible source of the increased IL-6 during exercise in SCI is the adipose tissue. In fact, adipose tissue is one of the major sources of IL-6, 15 and exercise results in increased IL-6 gene expression in adipose tissue. 15 Furthermore, our experience suggests that SCI subjects often have relatively larger proportion of adipose tissue than AB subjects. Some patients with SCI have sympathetic nervous system impairment and thereby reduced catecholamine response to exercise compared with AB subjects. 16 The present results showed significant increases in plasma adrenaline and IL-6 concentrations during exercise in SCI and AB, although the magnitude of the increase in adrenalin levels during arm crank exercise in SCI was smaller than in AB. These findings suggest that the participating SCI subjects did have sympathetic nervous system abnormalities. It has been suggested that adrenaline may stimulate IL-6 gene transcription of protein kinase A via b-adrenergic stimulation; 17 however, the present results did not support the IL-6 gene transcription effect in adrenalin.
In the present study, the increase in myoglobin during arm crank ergometer exercise at 60%VO 2 max might be induced by increase in sarcolemmal permeability and not muscle damage. 18 The stable levels of CK compared with the increase in myoglobin level may be due to the difference in molecular weight of the two proteins; a smaller molecular size of CK (85 000 Da) compared with myoglobin (18 000 Da).
Delayed peak IL-6 level
In the present study, the peak IL-6 level occurred 2 h after exercise in SCI and AB. In previous studies of lower-body cycling exercise, the peak plasma IL-6 level was noted immediately after 3 h exercise at 50% VO 2 max 5 and at 2.5 h exercise at 75% VO 2 max 19 followed by a rapid fall toward pre-exercise levels. These results indicate that arm crank exercise induces changes in plasma IL-6 kinetics that are different from those of lower-body cycling exercise. Hiscock et al. 20 reported that the source of IL-6 was the myocytes in exercising leg muscles at 55%VO 2 max. Therefore, we assumed the increase of IL-6 during arm exercise might come from contracting arm muscles; however, the mechanism of IL-6 production during arm crank exercise is not clear at present. Therefore, the different time course of IL-6 secretion in the arm crank exercise suggests that the different type of myocytes of upper arm muscles promoted IL-6 production from the contracting muscle. Further studies are needed to determine the mechanism involved in the delayed peak level of IL-6 in arm exercise, compared with leg exercise.
High basal hsCRP in SCI Higher levels of hsCRP were noted in SCI than AB throughout the study. This finding suggests a chronic inflammatory state in SCI. In this regard, Wang et al.
demonstrated
significantly elevated serum levels of CRP in SCI, irrespective of injury duration and injury level, compared with AB. The results of the present study add support to the above study. However, the basal level of IL-6 in SCI was similar to that of AB, suggesting that the low-grade chronic inflammatory state did not induce an increase in basal IL-6.
Study limitation
The present study found no significant differences in plasma IL-6 levels between the SCI and AB groups. Careful examination of the values showed large standard deviation of IL-6 values in both groups, denoting differences among the individuals of the same group. We surveyed more than 100 persons with SCI, but selected only a few subjects for the study who fulfilled the inclusion criteria. Apart from the large standard deviation, the present study showed that 2-h arm exercise at 60% VO 2 max resulted in a significant increase in IL-6 in both AB and SCI subjects.
Conclusion
The present study demonstrated that 2-h arm crank ergometer exercise at 60%VO 2 max resulted in a significant increase in IL-6 in SCI, but not in other inflammatory markers. The results suggest that arm exercise does not induce acute inflammatory response and that moderate intensity and relatively long-arm exercise is a safe and beneficial for SCI subjects with regard to plasma IL-6 levels.
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